Summary. The glycoprotein molecule ZP3 of the pig zona pellucida (Mr 55 000) was deglycosylated by trifluoromethane\p=n-\sulphonic acid. While gas chromatography established that deglycosylation resulted in >91% carbohydrate removal, deglycosylated ZP3 (DG-ZP3) still retained significant immunogenic potential as shown by its ability to elicit antibody production in the rabbit. Several lines of evidence, however, demonstrated that deglycosylation produced significant modifications in the ZP3 macromolecule which profoundly altered its antigenicity: (1) 125I-radiolabelling procedures using chloramine-T consistently resulted in 125I-labelled ZP3 with a higher specific activity than 125I-labelled DG-ZP3; (2) in competitive binding radioimmunoassays (RIAs) using an 125I-labelled-ZP3 vs anti-ZP3 system, unlabelled DG-ZP3 successfully displaced ZP3 in a dose-related manner; (3) in direct binding RIAs comparing the reaction of labelled ZP3 and DG-ZP3 versus 5 different zona antisera, higher titres were consistently achieved with 125I-labelled ZP3; (4) as compared to ZP3, 2-dimensional immunoelectrophoresis using DG-ZP3 as antigen yielded significantly modified precipitin arc patterns; (5) with electrophoretic blotting procedures, antisera to ZP3 or DG-ZP3 cross-reacted with the heterologous antigen; (6) treatment of pig zonae with anti-DG-ZP3 serum produced a dense precipitation layer on the zona surface. When evaluated collectively, these results provide grounds for an important role for protein and carbohydrate in establishing the immunological characteristics of the Mr 55 000 macromolecule of the pig zona pellucida.
Introduction
The zona pellucida is a biochemically and antigenically complex extracellular glycoprotein matrix which surrounds the mammalian oocyte and preimplantation embryo. It is currently being evalu¬ ated as a potential immunocontraceptive target antigen since antibodies raised against this struc¬ ture can totally inhibit fertility in vitro and in vivo (Sacco, 1981; Dunbar, 1983) . The pig zona pellu¬ cida has been studied the most extensively for potential immunocontraceptive development and consists primarily of four families of charged heterogeneous glycoproteins having apparent mole¬ cular weights (MT) of 82 000 (ZP1), 61 000 (ZP2), 55 000 (ZP3), and 21 000 (ZP4) Sacco, Yurewicz, Subramanian & DeMayo, 1981; Dunbar, Lui & Sammons, 1981; Hedrick 8c Wardrip, 1981) . The 55K component (ZP3) is the most predominant, has been isolated by Chromatographie (Yurewicz, Sacco & Subramanian, 1983 , 1985 and electroelution (Dunbar & Raynor, 1980; Betancourt, Rodriquez, Serrano, Wardrip & Hedrick, 1984) pro¬ cedures and represents the primary candidate amongst the various zona components for consider¬ ation as a target antigen for contraceptive vaccine development. The purpose of the present investigation was to determine the influence of carbohydrate on the antigenic and immunogenic characteristics of this macromolecule through experiments utilizing chemically (trifluoromethane-sulphonic acid, TFMSA) deglycosylated ZP3. Such information is essential for efforts to characterize this macromolecule biochemically and immunologically.
Materials and Methods
Purification of ZP3 from pig zonae pellucidae. Isolated pig zonae were obtained as described by Yurewicz et al (1983) . Frozen-thawed ovaries were homogenized in Tris buffer (50mM-Tris, 150mM-NaCl, 4mM-EDTA, 2mM-sodium citrate, 002% sodium azide, pH 80) using a com¬ mercial meat grinder. Zona-encased oocytes were collected by successive passage of the homo¬ genate through nylon monofilament screens (Tetko, Inc., Elmsford, NY, U.S.A.) of decreasing pore size (500-100 µ ). Oocytes retained on the 100 µ screen were collected by washing into Tris buffer and isolated zonae were obtained by homogenization of the zona-encased oocytes using a tissue grinder. Isolated zonae were collected on a 50 µ screen and washed for 60 min in 100 ml 20 mM-Tris buffer, pH 80, using a magnetic stirrer. Isolated zonae were solubilized by heating at 73°C for 20 min. The solubilized zonae preparation was centrifuged for 15 min at 27 000 g, and the supernate was concentrated 20-fold by ultrafiltration through a PM-30 membrane (Amicon, Danvers, MA, U.S.A.). Solubilized zonae were treated with 3% sodium dodecyl sulphate (SDS) and heat (60°C, 20 min) under non-reducing conditions, and ZP3 was isolated by column chromatography using Sephacryl S-400 and hydroxylapatite resins equilibrated with buffer containing 01% SDS. Column fractions were monitored for ZP3 by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Residual SDS was extracted with acetone : triethylamine : acetic acid : water (85 : 5 : 5 : 5, by vol.) and the ZP3 was dialysed from 6 M-guanidine hydrochloride (Henderson, Oroszlan & Königsberg, 1979; McCoy & Wong, 1981) . Typically, 7-8 mg ZP3 were recovered from 4000 pig ovaries. Purity of the final ZP3 preparation was verified by two-dimen¬ sional gel electrophoresis and by the electrophoretic blotting of ZP3 isolated by two-dimensional PAGE to nitrocellulose paper. For the blotting procedure, after treatment of ZP3 with a rabbit antiserum to solubilized zonae, the failure of this antiserum to detect other zona components in the ZP3 preparation was interpreted as one criterion of sample purity. Two-dimensional gel electro¬ phoresis for the zona system was conducted as described previously .
Deglycosylation ofZP3 with trifluoromethanesulphonic acid (TFMSA). Deglycosylation of ZP3 was achieved by chemical treatment with TFMSA (Edge, Faltgnek, Hof, Reichert & Weber, 1981 Sugar analysis. Sugar analyses of intact and deglycosylated ZP3 were performed by gas chromatography (Bhatti, Chambers & Clamp, 1970) . Hydrolysis was conducted in methanol-0-5 N-HC1 in the presence of 5 nmol perseitol internal standard at 80°C for 7 h followed by neutraliza¬ tion with silver carbonate and re-N-acetylation with acetic anhydride. Accurate quantitation of the N-acetylglucosamine content of deglycosylated-ZP3 was hindered by the resistance of the N-acetylglucosamine-asparagine linkage to hydrolysis with methanolic HC1. The N-acetylglucosamine content of deglycosylated ZP3 was therefore determined after hydrolysis in 4 N-HC1 for 4 h at 100°C in the presence of 5 nmol arabitol as the internal standard. The 4 N-HC1 hydrolysates were prepared for gas chromatography by lyophilization, acetylation of amino sugars in 0-05 ml pyridine-acetic anhydride (1 : 1, v/v) and incubation in methanol-0-5 N-HC1 for 1 h at 65°C (Baenziger & Kornfeld, 1974) .
Methyl glycosides were trimethylsilylated (23°C, 45 min) using a commercial reagent (Sylon HTP, Supelco, Belleforte, PA, U.S.A.). The trimethylsilyl methyl glycosides were separated and quantitated by gas chromatography on a DB-5 bonded-phase fused silica capillary column (30 m 0-32 mm) using a temperature programme and a flame ionization detector.
Polyacrylamide gel electrophoresis. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was performed in slab gels using the buffer system of Laemmli (1970 Radioimmunoassay s. Radiolabelling of ZP3 and deglycosylated-ZP3 with Na125I by the chloramine-T procedure (Greenwood, Hunter & Glover, 1963) , was carried out as described elsewhere (Palm, Sacco, Syner & Subramanian, 1979 Production of antisera. Five different rabbit antisera produced against various preparations of pig zonae pellucidae proteins were used. All antisera were produced using a multi-site, intradermal injection regimen (Vaitukaitis, Robbins, Nieschlag & Ross, 1971 ), in conjunction with Freund's adjuvant. Details regarding production and characterizations of antisera to isolated zonae (IZP), purified pig zona antigen (PPZA), and heat-solubilized isolated zonae (SIZP) have been described previously (Sacco & Palm, 1977; Subramanian et al, 1981; Sacco, Yurewicz & Zhang, 1983) . For this investigation, two additional antisera were prepared in rabbits against ZP3 and deglycosylated ZP3. Male New Zealand white rabbits were each given 3 injections 1 week apart of 50 µg ZP3 or deglycosylated-ZP3 (total 150 µg/rabbit). Freund's complete adjuvant was used for the first injec¬ tion and incomplete adjuvant for all other injections. Antibody activity was monitored by RIA and, once peak titres were achieved, a single booster immunization consisting of 100 µg ZP3 or 50 µg deglycosylated-ZP3 was given.
Two-dimensional immunoelectrophoresis. This was performed essentially as described by Sacco et al. (1983) . A gel strip'(22 80 mm) of 0-7% agarose in 20mM-sodium barbital buffer, pH was poured onto the end of a glass plate (80 100 mm) for first-dimension electrophoresis. A 4 mm diameter sample well was cut into one end of the strip. The sample was applied (15-25 µg ZP3 or deglycosylated ZP3) and electrophoresis was carried out for 3 h at 20°C and 90 V using a BioRad model 1415 electrophoresis cell. A 1% agarose gel in 20 mM-barbital buffer containing 3% antibody and 1% Triton X-100 (Bjerrum, 1977) was then poured over the remaining exposed glass surface of the plate. Second dimension electrophoresis was conducted at 20°C at 35 V for 20 h. Plates were washed, dried and stained as described by Weeke (1973a, b) .
Electrophoretic blotting. SDS-PAGE was performed as described above to resolve ZP3 and deglycosylated-ZP3. A procedure modified from those reported by Towbin, Staehelin & Gordon (1979) and Hawkes, Niday & Gordon (1982) was used for the electrophoretic transfer of SDS-PAGE-resolved zona proteins to nitrocellulose paper and their detection by antibody. Electro¬ phoretic transfers were conducted in 20 mM-Tris-HCl, 20% methanol, pH 7-5 buffer at 60 V for 3 h using a Bio-Rad Trans Blot Cell. After transfer, nitrocellulose sheets were incubated in blocking solution (50 mM-Tris-HCl, 200 mM-NaCl, 3% BSA, 10% goat serum, pH 7-4) for 1 h and rinsed for 30 min in 5 changes of saline (50 mM-Tris-HCl, 200 mM-NaCl, pH 7-4). Sheets were then incubated in primary antibody (1 :200 dilution in blocking solution) for 2 h at 23°C followed by a 30-min saline wash. Sheets were next incubated in secondary antibody (peroxidase-labelled goat anti-rabbit IgG; Cooperbiomedical, Inc., Malvern, PA, U.S.A.) for 2 h at 23°C (1: 1000 dilution in blocking solution). After a final 30-min saline wash, sheets were developed using 4-chloro-lnaphthol (Sigma, St Louis, MO, U.S.A.).
Antibody treatment ofpig zonae pellucidae. Zona-encased pig eggs were obtained by mincing frozen-thawed ovaries with scissors in 01 M-phosphate-buffered saline (PBS) and recovering the released oocytes from the buffer with a micropipette. Eggs were washed in three changes of PBS and exposed to various antisera or control sera for 15 min at 23°C. After another wash in three changes of PBS, the treated eggs were transferred to depression slides and observed by phasecontrast and bright-field microscopy.
Results

Biochemical procedures
The carbohydrate compositions of ZP3 and deglycosylated-ZP3 are presented in Table 1 . The sugars fucose, mannose, galactose, N-acetylglucosamine (GlcNAc), N-acetylgalactosamine (GalNAc) and sialic acid were detected in ZP3 and comprised about 30% by weight of the glycoprotein macromolecule. Chemical deglycosylation of ZP3 with TFMSA resulted in loss of more than 91% of the original saccharide residues, leaving minimal amounts of galactose, GlcNAc, GalNAc and sialic acid bound to the protein. Fucose and mannose were no longer detectable. (Fig. 1) . SDS-PAGE of reduced deglycosylated-ZP3 yielded bands at Mt 35 000 and 38 000 (not shown) whereas SDS-PAGE of the non-reduced form yielded bands at Mr 31 000 and 34 000 (Fig. 1) . Deglycosylated-ZP3 did not produce any bands migrating at MT 55 000, thus confirming the absence of any intact ZP3 after TFMSA treatment.
Radioimmunoassay
Radiolabelling of ZP3 and deglycosylated-ZP3 by the chloramine-T procedure under identi¬ cal conditions consistently resulted in 125I-labelled ZP3 with a higher specific activity than 125I-labelled deglycosylated-ZP3 (25-73 ± 1-4 and 9-1 ± 10 µ ^, < 0001). In competitive binding RIAs using a rabbit anti-ZP3 against 125I-labelled ZP3 system, unlabelled ZP3 and unlabelled deglycosylated-ZP3 successfully displaced 125I-labelled ZP3 in a dose-related manner (Fig. 3) . However, to attain the 50% inhibition of the dose-response curve, the amount of unlabel¬ led deglycosylated-ZP3 required was significantly greater than the amount of unlabelled ZP3 required (220 ng vs 1 -7 ng, respectively). In direct binding RIAs which compared reactions of the labelled ZP3 and deglycosylated-ZP3 against the 5 different zona antisera (Fig. 4) , consistently higher titres were always achieved when ZP3 was used as the labelled antigen (Fig. 4a) . Although each of the 5 antisera tested did react with labelled ZP3 and deglycosylated-ZP3 (Figs 4a & 4b) at any given dilution, all the antisera exhibited greater binding to 125I-labelled ZP3 than to 125I-labelled deglycosylated-ZP3 (Table 2) .
lmm unochemical procedures
Electrophoretic blotting experiments also demonstrated that antisera to ZP3 and deglycosylated-ZP3 were each capable of reacting with ZP3 or deglycosylated-ZP3 (Fig. 2) Fig. 4 . Titration of various rabbit antisera to pig zonae pellucidae against (a) 125I-labelled ZP3 and (b) 125I-labelled deglycosylated-ZP3 (DG-ZP3). Anti-DG-ZP3 -anti-deglycosylated-ZP3; anti-SIZP = anti-heat-solubilized isolated porcine zonae pellucidae; anti-PPZA = anti-purified porcine zona antigen; anti-IZP = anti-isolated zonae pellucidae (intact zonae). intensity of the reactions of either antiserum with deglycosylated-ZP3 appeared comparable, the reaction between anti-deglycosylated-ZP3 and ZP3 was definitely less intense than that between anti-ZP3 and ZP3.
Results from two-dimensional immunoelectrophoresis studies are summarized in Fig. 5 . Reac¬ tion of ZP3 into anti-ZP3 serum resulted in the overlapping 'stacked' pattern of precipitin arcs which is characteristic of the pig zona pellucida system (Wood & Dunbar, 1981; Sacco et al, 1983) . In this reaction 6-7 precipitin arcs were detected (Fig. 5a) . Electrophoresis of ZP3 into antiserum to deglycosylated-ZP3 serum (Fig. 5b ) yielded a precipitin arc pattern similar in shape and height to that obtained when anti-ZP3 serum was used (Fig. 5a ) but with significantly fewer arcs, 2-3 instead of 6-7.
Electrophoresis of deglycosylated-ZP3 into anti-ZP3 serum resulted in an arc pattern signifi¬ cantly altered from the characteristic zona pattern with respect to precipitin arc migration charac¬ teristics, height and number (Fig. 5c) Fig. 5c were not present but a single faint arc traversing the two groupings was detectable.
Antiserum treatment ofporcine zonae Treatment of zona-encased eggs with antiserum to ZP3 or deglycosylated-ZP3 resulted in the formation of a dense precipitation layer on the surface of the zona (Fig. 6 ). However, a distinct dif¬ ference in appearance of these precipitates was noted. Treatment of zonae with anti-ZP3 serum produced a heavy but dispersed precipitate while that produced by the antiserum to deglycosylated-ZP3, although comparably heavy, was more restricted to the outer surface of the zona.
Discussion
The results from the present investigation indicate that chemical deglycosylation with TFMSA of Fig. 5 . Two-dimensional immunoelectrophoresis of ZP3 and deglycosylated (DG)-ZP3 into gels containing rabbit antiserum to ZP3 or DG-ZP3. Electrophoresis in the first dimension was conducted for 3 h at 90 V (right to left, anode at left). Electrophoresis in the second dimension was conducted for 20 h at 35 V (bottom to top, anode at top), (a) Electrophoresis of ZP3 (15µg) into 3% anti-ZP3 serum; 6-7 precipitin arcs are observed; (b) electrophoresis of ZP3 (15µg) into 10% anti-DG-ZP3 serum; 2-3 precipitin arcs are present; (c) electrophoresis of DG-ZP3 (25 µg) into 3% anti-ZP3 serum; arrows designate faint arcs on anode side of sample well; (d) electrophoresis of DG-ZP3 (25 µg) into 3% anti-DG-ZP3 serum; note single faint precipitin arc traversing the 2 arc groupings. the pig zona glycoprotein family of Mr 55 000 (ZP3) results in dramatic alterations of the physicochemical and immunological properties of the macromolecule. Native ZP3 is comprised of 30% carbohydrate by weight and migrates as a single characteristically diffuse band on SDS-PAGE at MT 55 000. Treatment of ZP3 with TFMSA for 8 h at 4°C resulted in loss of~91% of the original saccharide residues. The N-acetylgalactosamine and N-acetylglycosamine which remain associated with deglycosylated-ZP3 are presumed to represent sugars which are linked directly to the Fig. 6 . Treatment of pig zonae with rabbit anti-ZP3 serum (lower right) and anti-DG-ZP3 serum (lower left). Control egg (C) has been treated with a rabbit preimmune serum. All sera were used at full strength. Note dispersed appearance of precipitation layer on the zona of the anti-ZP3 serum-treated oocyte as compared to the more restricted appearance of the precipi¬ tation layer to the outer surface of zona of the anti-DG-ZP3 serum treated oocyte. Zona of control oocyte has no precipitation layer, 570. polypeptide moiety, i.e. senne-and threonine-linked N-acetylgalactosamine and asparagine-linked N-acetylglucosamine, and are therefore resistant to removal with TFMSA (Edge et al, 1981 Significant physicochemical alteration of the ZP3 macromolecule by TFMSA treatment was also indicated by the impaired ability of deglycosylated-ZP3 to incorporate radioactivity by the chloramine-T iodination procedure. Since 125I is incorporated into tyrosine residues in the process of iodination (Greenwood et al., 1963) , these results suggest that such differences in incorporation of radioactive iodine may result from a decrease in the availability of tyrosine in deglycosylated-ZP3, due possibly to conformational changes in the macromolecule brought about by carbohydrate removal or perhaps to some direct but unknown modification of the protein itself caused by the conditions necessary to achieve deglycosylation.
Despite the physicochemical alterations in the deglycosylated-ZP3 macromolecule, it still retained immunogenic potential as shown by the successful production of a rabbit antiserum to deglycosylated-ZP3. Moreover, this molecule must still possess antigenic sites in common with ZP3 as indicated by the data from competitive binding RIAs (Fig. 3) , direct binding RIAs (Fig. 4) , electrophoretic blots (Fig. 2) and two-dimensional immunoelectrophoresis (Fig. 5) (Fig. 6 ). Such findings are significant from an immunocontraceptive aspect because they indicate that antiserum produced against the deglycosylated-ZP3 macromolecule is capable of reacting with ZP3 in its native conformation within the intact zona. Deglycosylated-ZP3 and the native ZP3 macromolecule therefore share similar or identical epitopes. Such data encourage the consideration of deglycosylated and/or modified forms of ZP3 as potential immunocontraceptive target antigens and their possible future synthesis. An explanation for the difference in appearance of the precipitate produced by antisera to deglycosylated-ZP3 and ZP3 is presently lacking. However, the similarity of the precipitate pro¬ duced by the antiserum to deglycosylated-ZP3 in this investigation and that produced by a univalent anti-ZP3 serum 
